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With regard to the application of the photographs, I need not say much 
at present; it is evident that the use of gratings would become more general 
if the cost were reduced in the proportion, say, of 20 to 1, more particularly 
if there were no accompanying inferiority of performance. 

The specimens sent with this paper are both capable of showing the 
nickel line and give fairly bright spectra, but they must not be supposed 
to be the limit of what is possible. From their appearance under the mi¬ 
croscope I see no reason to doubt that lines 6000 to the inch can be copied 
by the same method, a point which I hope shortly to put to the test of 
experiment. 


II. “ On the 26-day Period of the Earth* s Magnetic Force.” 

By J. A. Broun, F.R.S. Received June 3, 1872. 

The Astronomer Royal’s communication to the Royal Society on this 
subject (supra, p. 308) has drawn my attention to the investigation made 
by the Director of the Prague Observatory. 

Dr. Ilornstein having remarked the uncertainty of the result for the 
time of the sun’s rotation as deduced from the movement of the spots in 
different zones on its surface, thought it would be desirable to consider 
other phenomena associated with the sun’s rotation; and the apparent 
connexion of the frequency of the solar spots with the amount of the mag¬ 
netic oscillations induced him to seek for a period in the daily mean values 
of the magnetic elements. For this end he grouped the daily means of 
observations made at Prague and Vienna in 1870 in periods varying from 
16 to 28 days; and subjecting the resulting means to calculation for the 
term 

a sin (0 + c) 

in the usual formula of sines, he considered the most probable of the 
periods to be that for which a had the greatest value. 

The most carefully calculated result from the declination at Prague 
gave 26*7 days nearly, but a graphic interpolation from the same obser¬ 
vations indicated 26*2 days; the declination for the same year at Vienna 
giving by calculation 26*4 days, while the inclination at Prague showed 
26 days. 

Dr. Hornstein concludes that the mean of these four values, “ 26*33 
days, may be considered provisionally as the most probable value [of the 
period], and as the result of the first experiment to determine the time of 
the sun’s synodical rotation by means of the magnetic needle. The true 
time of the sun’s rotation derived from this = 24*55 days, almost exactly 
coinciding with the value found by Spoerer from astronomical observations 
for the time of rotation of the sun’s spots in the equatoreal zone ” *. 

In a letter to the late Sir David Brewster, published in the ‘ Philosophical 

* Sitzungsb. der k. Akad. d. Wissensch. zu Wien, Band lxiv. S. 73. 
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Magazine 5 for August 1858, I made the following remark 1 “The result 
which I have now obtained from three years’ observations near the mag¬ 
netic equator, it appears to me, is wholly independent of the moon, and is 
due to the sun’s rotation on its axis. If we could suppose that the solar 
magnetic poles are fixed, it might then be possible to determine accurately 
the time of the sun’s rotation by means of the movement of our magnets. 
If, on the other hand, the poles are in motion, as I conceive they are, we 
shall have to employ another period than 25*325 days, as obtained from the 
solar spots. The period to be employed will of course be found by careful 
examination 6f the observations and by trial” [of different times]. These 
views resulted from a discussion of observations of the horizontal force 
made at Trevandrum in the years 1855, 1856, and 1857. 

In February 1861 a paper by me was read to the Royal Society of 
Edinburgh, containing conclusions derived from an examination of all the 
observations of the horizontal force which had been published, made between 
1842 and 1848, the whole having been recorrected for temperature by my 
own method, for the purpose of this and other investigations. Founding 
chiefly on the simultaneous daily means of observations made at Makers- 
toun, Trevandrum, Singapore, and Hobarton during the years 1844 and 
1845 (the only years for which a complete diurnal series existed for 
Makerstoun), I arrived at the conclusion, from an examination of a series 
of successive periods, shown nearly equally well at all the four stations, 
that there was a period of nearly 26 days, probably due to the sun’s rota¬ 
tion on its axis, the mean of the whole number of periods being 25*96 
days *. The observations, however, seemed to show that the single periods 
had a variable length, though this might be due to some extent to irre¬ 
gular disturbing causes, yet dependent, perhaps, on the period of the year, 
and it might be on other arguments, such as the position of the planets. 

In the examination of observations made by me in India, I had sought 
for the greatest amplitude on trial of periods of 26 to 27 days, but post¬ 
poned a complete investigation till the observations of a greater number of 
years should enable me to follow more certainly the apparent variations in 
the length of the single periods; this other investigations have hitherto 
prevented, and I am glad that Dr. Hornstein has taken up the subject, 
though evidently ignorant of my previous conclusions. 

Mr. Airy’s communication on this subject is very important; its con¬ 
clusion refers to a period of 26^ days; and although the evidence may be 
imperfect for such a period, it seems to me that the Greenwich results, when 
projected, give considerable grounds for concluding that a period of near 
26 days exists. In what follows, I limit myself wholly to the observations 
of the horizontal force, as I have found that element, when accurately cor¬ 
rected for temperature, best fitted to show the period in question. 

The Astronomer Royal has noted a probable inaccuracy in the amount 
of the correction employed for the secular change; as this correction is of 
* Trans. Roy. Soc. Edinb, vol, xxii. pi. xxvii. and p. 543. 



419 


1872.] 26-day Period of the Earth’s Magnetic Force . 

importance in the investigation, I have sought to determine it from the 
means for the 26^-day period in each year. A consideration of the mean 
value of the horizontal force at Greenwich will show that it varies irregu¬ 
larly from year to year, and that no single value employed as a correction 
due to a supposed uniform change from the beginning to the end of a 
year would satisfy all the years. I adopted the following method to obtain 
this correction (not being in possession of the Greenwich observations):—by 
comparing the mean value for the 1st day with that for the 14th, that of 
the 2nd day with the mean for the loth, and so on, 13 values of the 
change for 13 days are obtained for any gradual change, which will be ap¬ 
proximately true whether there be a period of 26 days or no period what¬ 
ever. This method gave the mean change during 13 days for each year as 
follows:— 

1850. 1851. 1852. 1868. 1869. 1870. 

-4-24 -4*5 -9 —26 +7*5 -15 

the unit being in all cases *00001 of the whole horizontal force. Having 
applied the proportional parts of these quantities with the signs changed 
to the mean values of horizontal force for the respective years (Table, 
p. 310, supra), I then calculated the values of the constants for the term 

a sin (0 + c ). 

The results are as follow :— d. 


1850 . 6*2 sin (0+ 64°) with maximum at 1*9 

1851 . 5-0 sin (0 + 274°) „ 12*8 

1852 . 20-6 sin (0 + 266°) „ 13*2 

1868 . 17*2 sin (0+121°) „ 23*7 

1869 . 11*2 sin (0 + 256°) „ 14*0 

1870 . 43*5 sin (0 + 278°) „ 12*4 


Mean of group: 

1850-52.... 7 sin (0 + 282°) with maximum at 12*1 

1868-70_12 sin (0 + 258°) „ 13*8 

It will be seen that the four years 1851, 1852, 1869, and 1870 give, 
within a day and half, the same epoch for the maximum. I shall return 
to these results immediately, but shall first consider the observations 
already referred to, made at Makerstoun in 1844 and 1845, which gave a 
period of 25*96 days. 

The secular change for each year was first determined as follows: — 
the mean horizontal force for December 1843 minus the mean for De¬ 
cember 1844, and the mean for January 1844 minus the mean for January 
1845 *, gave two results, the mean of which was taken as the change during 
1844 ; in a similar way the change for 1845 was found: the corrections 

* Table xxii., Trans. Eoy. Soc. Edinb. vol. xix. pt. 2, p. xxxi. 
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for 26 days were found for 1844 = — 20 , for 1845 = —7. The daily 
means from the Tables * were then arranged in groups of 25|-, 26, and 
26ij days, as follows :— 

nrg i f 1844, Jan. 1 to 1844, Dec. 29 = 14 periods. 

°3 a y | 1844 ^ Dec. 25 to 1846, Jan. 14 = 15 „ 

26 d I *^ 44, Jan. * 1844, Dec. 29 = 14 „ 

ajS 1 1844, Dec. 30 to 1845, Dec. 28 = 14 „ 

onx davs I 1844 ’ Jan * 1 t0 1845j Jan * 3 = 14 » 

3 ^ 1 1845, Jan. 4 to 4846, Jan. 6 = 14 „ 

The corrections for secular change were applied to the means derived 
from these groups, and in the calculation for 26P days the fractional 
part of a day in excess was omitted, while in that for the 25§ days the 
26th day of each third period served also as the 1 st day of the next. The 
resulting means are given in the following Table i— 


Mean Horizontal Force for each day in periods of 25f, 26, and 26J days, 
as deduced from the Makerstoun Observations for 1844 and 1845. 


Period. 

Year. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13 

d. 

25f .{ 

1844 

99 

95 

95 

102 

101 

88 

83 

84 

80 

85 

91 

70 

41 

1845 

243 

259 

262 

241 

246 

236 

218 

210 

231 

242 

213 

227 

236 

26 .j 

1844 

82 

100 

92 

98 

88 

95 

79 

90 

67 

70 

59 

48 

49 

1845 

234 

192 

218 

227 

228 

238- 

240 

236 

244 

201 

198 

210 

214 

m .{ 

1844 

92 

97 

102 

87 

72 

81 

68 

71 

68 

! 65 

51 

30 

55 

1845 

242 

249 

204 

212 

218 

221 

216 

233 

243 

235 

247 

255 

242 


Period. 

Year. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

d. 

25 } . { 

1844 

59 

48 

56 

64 

51 

72 

60 

69 | 

76 

90 

108 

93 

102 

1845 

250 

236 

'226 

234 

224 

219 

221 

223 

222 

232 

237 

237 

246 

26 .[ 

1844 

55 

50 

56 

69 

71 

81 

87 

83 

100 

111 

106 

107 

94 

1845 

220 

225 

231 

241 

238 

246 

256 

251 

230 

236 

244 

234 

231 

26J. { 

1844 

69 

73 

i 78 

82 

90 

84 

97 

104 

112 

101 

95 

90 

90 

1845 

247 

249 

237 

! 

221 

250 

216 

236 

231 

217 

227 

245 

251 

244 


The unit — 0*000014 of the whole horizontal force. 

A constant quantity 0*00300 was subtracted from the means deduced from the Tables 
to obtain the above quantities. 


Having, as for the Greenwich means, calculated the constants for the 
term a sin (0 + c), they were found as follows :—- 

* Table xxii.-I Makerstoun Observations, 1844, Trans. Roy. Soc. Edinb. vol. xviii. 
p. 355; and Tables xviii. and Ivii. Makerstoun Observations, 1845, Trans. Roy. Soc. 
Edinb. vol. xix. pt. 2, pp. 11, 32, 
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Period. 

1844. 

1845. 

Difference, 

1845-1844. 

a sin ($-{-<?). 

Max. 

a sin (£-}-<?). 

Max. 

a. 

25$. . 
26 .. 
26$.. 

22-9 sin (0+ 69°) 
24-1 sin (0+101°) 
2-22 sin (0+132°) 

d. 

1*5 

25*0 

22*9 

10-5 sin (0+288°) 
10-6 sin (0 + 159°) 
10-4 sin (0 + 252°) 

a. 

117 

21-0 

15-7 

d. 

+ 10*2 

- 4*0 

- 7*2 


It will be seen that though the constant a varies little, it is greatest for 
each year hy the period of 26 days; on the other hand, the constant c 
varies considerably ; and this constant may be made the most delicate test 
for the true mean period. By the period of 25§ days, the maximum hap¬ 
pens between the 1st and 2nd days in 1844, but ten days later in 1845 ; 
by the 26^-day period, on the other hand, it happens seven days earlier in 
1845 than in 1844. The 26-day period shows a difference in the same 
direction of four days. 

It will be evident that if the time employed for the calculation be less 
than the true period, the maximum resulting from the superposition of a 
succession of periods will be thrown later than the maximum derived from 
the exact period; if, on the other hand, the time employed be longer 
than the true time, the maximum resulting from the superposition will 
occur earlier. The difference between the epochs of maximum derived 
from two successive series of groups will thus give an approximation to 
the error of the period employed. If we apply this to the difference of 
epochs in the preceding Table, remembering that 14 periods intervene 
between the means from the two years (excepting for the 25|- days, when 
there are 14^ periods), we shall obtain the following corrections to the 
times employed:— 

10*9 a * 

25f-f- 26*36 

26-i =2571 

14 

26-1 - = 25-82 

14_ 

Mean = 25*96 

which is exactly the period found in my paper, already referred to, from 
an examination of the intervals from minimum to minimum throughout 
the two years. 

It is not unlikely, however, that this exact agreement is accidental; the 
constant c requires for its determination, not only an exact correction for 
the secular change, but also for the annual period; though any slight 
change which this additional correction might produce would probably have 
little effect on the final result. 

With these results in view, we may now return to the Greenwich values. 
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If we suppose* as the above calculations indicate* that the interval from 
maximum to maximum is somewhat less than 26^ days, we obtain from 
the differences of the epochs for 1852-1850 and 1870-1868 the following 
values of the period 

1852 minus 1850.. 26-33 - i 2 --- 33 + 1-9 ) ~~ 13 .' 2 = 25-79 days. 

28 

1870 minus 1868.. 26-33 —ii^ 3 = 25-90 „ 

28 

The result from 1870 and 1868 is that which merits the greatest value* 
owing to the largeness of the coefficient a for these two years. If we as¬ 
sume* then, that the true period is 26 days* we may, by applying a correc¬ 
tion to the epochs of maximum for 1870 and 1852 of + JLi days = 4-|, 
find the epochs for 1869 and 1851 : these would be for 1869, 17*1 days, or 
three days later than results from the calculation ; and for 1851* 17*9 days, 
five days later than from the calculation; and the smallness of the coeffi¬ 
cient for 1851 would show that an error of this amount is quite possible. 

We have still, however, another means of determining which of the 
values* 26 or 26-^, is the most probable. The two best-marked results 
from the Greenwich observations are those for 1852 and 1870; we may 
compare the epochs of maximum from these years with that derived from 
the Makerstoun observations for 1844. The terms for these three years 
having the largest value of the constant a are (in 100*000ths of the force) :— 


1844. 337 sin (6+101°) max. 25 days. 

1852. 20*6 sin (0 + 266°) max. 13 

1870. 43*5 sin (0 + 278°) max. 12*4 *, 


Now as the period began in 1844 with the 1st of January, the first 
maximum in that year corresponded to the 25th January. In 1852 (the 
first day of the period being the 31st December, 1851) the maximum 

happened on the 12th January, 1852. In 1870 the first day of the period 

was the 8th January, and the maximum occurred on the 20J January, 
1870 *; and we have for the epochs of maximum, with the intervals in 
days, as follow ■ 

Intervals. 

1844, Jan. 25 to 1852, Jan. 12 .. 2909 days = 112 X 26 - 3 days. 

1852, Jan. 12 to 1870, Jan. 20 .. 6583 days = 253 X 26 + 5 „ 

1844 to 1870. 9492 days = 365 X 26 + 2 „ 

If, however, we assume the period to be 26^- days, we should have 

for 2909 days = 110 x 26^ + 12 days. 

6583 days = 250 X 26g + 0 „ 

9492 days = 360 X 264 + 12 „ 

* This is also the date obtained by Dr. Hornstein from the declination observations 
for 1870. 
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The results for 1844 and 1870 are, I think, very near the truth, and 
they confirm, within 2 days, the epoch with a period of 26 days; and 
whatever value may be given to the epoch for 1852 compared with that 
for 1844, will diminish the probability of the value 26^-. On the other 
hand, 1852 compared with 1870 satisfies exactly the period of 26^- days; 
but it would also be satisfied equally well by a period of 26*02 days; so 
the interval is, in this case, too great to decide between the two values. 
The other results, however, seem to me sufficient, and, neglecting the long 
intervals, we have from 

1844-45, period = 25*96 days. 

1852-50, period = 25*79 „ 

1868-70, period = 25*90 „ 

and the mean 25*88 days is probably within a tenth of a day of the truth. 

As far, then, as the existence of a period of near 26 days is concerned, I 
think there cannot be the slightest doubt; the examination of great masses 
of observations has confirmed my belief in it, as it has Dr.Hornstein’s. But 
we know nothing certainly as to its cause; it appears to be most probably 
connected with the sun’s rotation; but in what way this may act nothing 
is known. The single periods show great breaks, and what may be termed 
accidental minima, in opposition to the minima belonging to the period : 
these accidental minima are connected with great disturbances, probably 
allied to the solar eruptions or to causes which generally produce spots and 
protuberances. It is to these accidental minima that the smallness of the 
coefficient a in the term for 1845 is due. We might suppose that the sun 
during its rotation produces an action on the magnetic or electric ether in 
motion, which, as far as it acts on our magnets, may be supposed in greater 
quantity or more condensed in certain parts of the earth’s orbit and in 
certain years; and, as has been supposed in the case of the frequency of 
the solar spots, this ether may also be acted on by the planets, and produce 
an irregularity in the length of a few successive periods. These supposi¬ 
tions are made merely to show that we are perhaps not in possession of all 
the conditions of the problem, without which perfect exactness in the cal¬ 
culations is impossible. 

In conclusion, I refer again those interested in the subject to plate xxvii. 
in the Transactions of the Royal Society of Edinburgh, vol. xxii., where 
the daily means of horizontal force are projected for four stations on the 
earth’s surface, all of which agree in showing the same movements, some 
of which have an amplitude of *002 of the whole horizontal force (the 
Astronomer Royal’s result for 1870 gives a mean value of nearly the half 
of this), and with intervals of about 26 days. 

I hope to be able to confirm this result hereafter by ten years’ observa¬ 
tions at Trevandrum *. 

* I regret that the papers containing my calculations for the first three years are not 
at present in my possession, or I should have stated the result here. 
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Postscript I. Received June 6, 1872. 

In determining the interval between the maximum of January 1844 and 
that of January 1852, the epoch of maximum for 1844, deduced from the 
26-day groups, was compared with that from the 26^-day group in 1852. 
Either the latter should be corrected by + |*i4 day = + 2} days, or the 
epoch found for the 26^-day group in 1844 (22*9 day instead of 25 days) 
should be taken. In either case the number of days intervening becomes 
2911 days, which is only one day less than 112 periods of 26 days; or it 
is equivalent to 112 periods of 25*99 days. 

If we try 113 periods, we obtain 25*76 days for the length of one, which 
is less than that by any of the one- and two-year comparisons. The longest 
interval, from January 1844 to January 1870, becomes (the above correc¬ 
tion made) 9494 days, which number is equivalent to 365 periods of 
26*01, or 366 periods of 25*94 days. 

The most probable values for the moment appear to be 

1844 to 1852 .... 25*99 days. 

1852 to 1870 .... 26*02 „ 


Postscript II. Received July 4, 1872. 

Since writing the preceding note, I have examined the observations of 
the bifilar magnetometer made at different stations on the earth’s surface 
during the years 1842, 1843, 1846, and 1847, and found, as shown in my 
paper already cited for the years 1844 and 1845, that the variations of the 
daily mean horizontal force are the same at all stations at the same time: 
this I consider a test essential in the first instance before seeking from any 
observations other results which depend on the changes of mean values 
from day to day. 

In the case of the observations for the years just mentioned, as in those 
for 1844 and 1845, great disturbances are indicated always by a great 
diminution of the mean magnetic force; these diminutions are frequently 
so great, that in the calculations for a single year they decide the epoch of 
minimum. 

In my paper on the Horizontal Force of the Earth’s Magnetism, I 
stated that “ a careful investigation of a much larger series of observations 
leads me to believe that the period is variable within certain limits ” *; 
whether this variation is due to a change of the solar meridian producing 
the maximum after certain intervals, or to superposed regular or irregular 
causes, I hoped, and hope yet, to determine. 

If the variation is one about a mean value, then that value will be best 
determined by comparing the result of two well-marked groups of periods 
separated by an interval of several years, as has been done in the preceding 


* Trans. Roy. Soe. Edin, vol. xxii. p. 544. 
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note. If, on the other hand, the sun’s meridian producing the maximum 
varies, the mean period should be sought for each year by the trial of 
periods of different lengths, as has been done by Dr. Hornstein for Prague, 
and as I have done for Makerstoun. 

III. “ Contributions towards the History of the Ethylene Bases.” 

By A. W. Hofmann, Ph.B., F.R.S., Professor of Chemistry in the 

University of Berlin. Received May 20, 1872. 

The manufacture of chloral, which, since the discovery of the remarkable 
physiological properties of this compound, is conducted on a daily increasing 
scale, gives rise to a variety of secondary products which have not failed to 
attract the attention of chemists. Some time ago I showed that the 
most volatile fraction ot these by-products consists almost entirely of 
chloride of ethyl, constituting a very valuable material for the pre¬ 
paration of an abundant quantity of the ethylated ammonias. The fraction 
boiling between 70° and 100° is chiefly bichloride of ethylene, 
which, when submitted to the action of alcoholic ammonia at 100°, fur¬ 
nishes a supply of ethylene bases such as would be difficult to obtain from 
other sources. Dr. Schering, one of the principal manufacturers of chloral 
in Berlin, has lately placed at my disposal between 30 and 40 kilograms 
of these latter by-products, which the kindness of my friends Drs. Martius 
and Mendelssohn, by placing at my disposal one of their magnificent 
enamelled autoclaves, has permitted me to treat in one single operation with 
alcoholic ammonia. 

The product of this operation was a large proportion of sal-ammoniac 
deposited in crystals, and a dark alcoholic mother-liquor which, after the 
alcohol had been distilled off, yielded on evaporation a brown crystalline 
residue, consisting of salts of ethylene bases. Large quantities of ethylene- 
diamine chlorhydrate in a state of absolute purity were separated from this 
mixture by systematic crystallization. An additional portion w'as procured 
by distilling the mother-liquor, after it had ceased to crystallize, with an 
alkali, collecting apart the first products, as long as they yielded with 
chlorhydric acid the easily crystallizable ethylenediamine salt. In this 
manner more than a kilogram of the perfectly pure chlorhydrate was ob¬ 
tained, not to speak of quantities of the more complex bases, which I have 
not yet endeavoured to separate. 

A new source of ethylenediamine having thus been opened, I was induced 
to resume the study of this remarkable substance, the history of which still 
presents a great number of gaps. I was more particularly anxious to ascer¬ 
tain whether some of the reactions, to which the ordinary alcohol bases 
have of late been found to lend themselves, might be with equal success 
applied to the ethylene bases. 

1. Action of Carbon Bisulphide on Ethylenediamine. 

Having repeatedly been engaged during the last few years with the study 



